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ABSTRACT OF THE DISCLOSURE 

An energy absorption material, especially in 
the form of apparel, is disclosed. The material 
comprises a layer of a polymer composition formed 
from 7-30% by weight of a specified polar polymer, 
0-15% by weight of a plasticizer and 70-93% by weight 
of an inorganic composition. The inorganic 
composition is formed from at least two elements as 
defined, or compounds thereof, which attenuate a 
range of energy. The materials provide superior 
protection against radiation than lead, in the degree 
of protection and/or the weight of the material 
required to provide the protection. The material may 
be used, in particular, for protection against 
x-rays , especially in the form of apparel e.g for 
operators of x-ray equipment. 
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RADIATION PROTECT T ON MATERIAL 



The present invention relates to energy 
absorptive material, also referred to as radiation 
5 protection material, especially to a flexible, 

lightweight material intended for use in attenuation 
of electromagnetic radiation / and in particular to 
such material in the form of an article of clothing. 
Exposure of humans to energy from a wide 

10 variety of sources is increasing. The energy may be 
in the form of sound or electromagnetic radiation, 
including x-rays or alpha, beta or gamma radiation. 
Such exposure may be deliberate, for example, in the 
x-raying of a patient or treatment of a patient with 

15 radiotherapy or other radiation emitting devices, but 
exposure to radiation may also be an occupational 
hazard e.g. to the operators of x-ray or other 
radiation emitting materials or equipment. Many 
steps are taken to protect workers from exposure to 

20 radiation, including the extreme step of completely 
separating the operator from the energy or radiation 
source. However, on many occasions such separation 
is impractical or even impossible. For instance, it 
may be beneficial to have an operator in the vicinity 

25 of equipment that emits radiation to facilitate 

operation of the equipment. This is especially so 
during treatment or diagnosis of a patient using 
radiation, in order to facilitate operation of the 
equipment and/or to shield a patient from radiation 

30 except in those areas where the radiation is desired. 

Individual energy absorbing elements have 
been proposed for use in attenuation of or protection 
against electromagnetic radiation. The element is 
normally selected to reduce or prevent penetration by 

35 
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the highest quantum level of energy in the spectrum, 
usually the shortest wavelength or highest keV band. 
Typical methods involve the use of sheet metal, 
especially metallic lead or lead compounds; lead and 
its compounds are frequently used for protection 
against x-rays and beta and gamma radiation. Lead 
has the advantage of being readily available at low 
cost and it has a high density and a high atomic 
number, and is thus a compact absorber of medium to 
high energy radiation. 

In embodiments, the lead or compounds of 
lead are finely dispersed in a matrix e.g. an inert, 
rigid or flexible, polymeric or elastomeric 
material. For instance, Japanese patent application 
15 No. 58-053928 of K. Yamamoto, published 1983 March 
30, discloses an elastic (rubber) foam material 
containing large quantities of metal constituents 
e.g. lead oxide; the use of barium f errite/nickel 
ferrite and barium fer rite/magnesium ferrite in such 
material for protection against magnetic effects is 
also disclosed. The powdered metal constituents are 
used in an amount, on a weight basis, that is greater 
than that of the base rubber material and are 
distributed uniformly throughout the base material. 
25 The preferred rubber material is polychloroprene 

rubber, and in the examples the compositions contain 
80-87.3% by weight of the above metal constituents. 
The compositions contain minor amounts (<o.5%) of 
rubber processing aids e.g. magnesium oxide, zinc 
oxide and lead stearate. 

Japanese patent application No. 57-141430 of 
K. Yamamoto, published 1982 September 01, discloses a 
leaded foam material comprising a foamed material 
having as its base a natural or synthetic rubber 
consisting of a mixture of rubber having a molecular 
weight averaging 20 000 with rubber having a 
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molecular weight ranging from 2 000 to 12 000. The 
lead compounds are added to the base material in a 
proportion of 300 or more parts by weight of lead 
compound to 100 parts by weight of the base material 
and are uniformly distributed throughout the foamed 
material. The publication refers to organic and 
inorganic lead compounds , and exemplifies lead oxide 
in amounts of 80-87.3% by weight. The preferred 
rubber material is polychloroprene rubber, and the 
compositions contain minor amounts (<0.5%) of rubber 
processing aids e.g. magnesium oxide, zinc oxide and 
lead stearate. 

Canadian Patent 815 609 of J. D. McCluer et 
al, issued 1969 June 17, discloses a flexible 
material comprising a fabric base and a lead-loaded 
elastomeric layer adhering to at least one surface of 
the fabric base. The layer has lead particles of a 
size smaller than 200 mesh (i.e. average particle 
size about 100 microns) dispersed throughout; the 
lead constituting at least 65% by weight of the total 
weight of the material. The lead-loaded elastomeric 
layer has a thickness of at least 125 mils (0.31 mm) 
and constitutes at least 68% by weight of the total 
weight of the material. The preferred elastomeric 
material is neoprene (polychloroprene) . 

Japanese patent application 61 228 051 of 
Dainichi Nippon Cables, published 1986 October 11, 
discloses compositions of ethyl ene/vinyl acetate 
and/or ethylene/ethyl acrylate copolymers that 
contain 5-50 parts of antimony oxide and 5-100 parts 
of barium sulphate, per 100 parts of polymer, as a 
wire coating composition. Cross linking of the 
coated wire with electrons is also disclosed. 

U.S. Patent 4 563 4 94 discloses a polymer 
composition formed from at least one lanthanide oxide 
or hydroxide in an amount of 0.001 to 10% by weight 
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of the composition, organic salts or complexes and a 
polymer containing e.g. acrylic or methacrylic acid 
or ester units, for use as a shield against neutron 
radiation. 

U.K Patents 1 603 654 and 1 603 655, granted 
1981 November 25, disclose compositions of metallic 
lead in polyvinyl chloride as an x-ray absorption 
material . 

Japanese Kokai 59 126 296 of S. Madao et al, 
published 1984 July 20, relates to a laminated 
composition for shielding against radiation, formed 
from lead or lead compound in a copolymer resin 
laminated to plasticized polyvinyl chloride. The 
copolymer may contain roll releasing agents, blocking 
inhibiting agents and the like, while the polyvinyl 
chloride is exemplified as containing tin maleate and 
magnesium oxide, 

UK 1 122 766 of S. Sedlak, published 1968 
August 07, discloses a flexible radiation shielding 
material comprising an elastomeric matrix having 
filler particles distributed throughout the matrix. 
The filler is formed from an alloy of an ionization 
absorbing metal and at least one other metal. The 
latter is intended to overcome effects of lead 
compounds e.g. oxides and carbonates, that tend to be 
naturally present in small amounts in or on metallic 
lead, for instance as a result of atmospheric 
pollution, and which act as accelerators for various 
types of rubber latices; in some instances the same 
or related compounds are added to rubber latices to 
promote, catalyse or stabilize reactions e.g. 
cross-linking or vulcanizing of the rubber. 
Lead/tin and lead/ antimony alloys are disclosed as 
overcoming such effects. 

UK 954 593 of Gentex Corporation," published 
1964 April 08, discloses shielding against ionizing 
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radiation that is in the form of lead coated fabrics 
that have been dipped into mercury, thereby forming a 
lead amalgam, to impart flexibility to the coated 
fabric. 

Heavy, thick sound insulation using specific 
low cost barium salts to replace lead compounds is 
disclosed in Chinese patent application 8600457 of 
Liu et al. The addition of 100-3000 parts by weight 
of a metal, metal oxide, metal salts or fillers e.g. 
iron oxide, ferrite, lead oxide, tin oxide, barium or 
lead sulphate, barium or lead carbonate, to 
bituminous or bituminous/ rubber compositions is 
disclosed in Japanese patent application 60 079 065 
of Ube Industries, published 1985 May 04. Sound 
15 insulating sheet may be obtained by the coating iron 
foil with tin/lead, as is disclosed in Japanese 
patent application 60 026 651 of Riken KK, published 
1985 February 09. 

Radiation attenuation materials in the form 
of mixtures of two or more elements or compounds 
thereof are disclosed in the patent application of 
M.J. Lilley, G.E. Mawdsley, G.P. Reh and M.J. Yaffe 
filed concurrently herewith. Highly filled 
compositions of metal compounds in polymers for use 
in attenuation of energy are disclosed in the patent 
application of M.J. Lilley, J.M; MacLeod and R.H. 
Servant which is also filed concurrently herewith. 

Unless specified to the contrary, all 
amounts of components of compositions or layers 
specified herein are on a weight basis, calculated on 
the amount of primary element e.g. if the compound 
was barium oxide, then the amount of component would 
be calculated on the basis of the amount of barium. 

A material formed from a layer of a 
thermoplastic polymer and containing metallic 
compounds, which tends to be of lighter weight than 
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other energy absorptive materials, has now been 
found . 

Accordingly, the present invention provides 
an energy attenuation material comprised of a layer 
5 of a polymer composition consisting essentially of: 

(a) 7-30% by weight of a thermoplastic polymer 
selected from copolymers of ethylene with at least 
one of vinyl alkylate, alkyl acrylate, alkyl 
methacrylate, glycidyl methacrylate, acrylic acid, 

10 methacrylic acid and carbon monoxide, and mixtures 
thereof, ionomers of such copolymers, and such 
copolymers that have been grafted with a monomer 
selected from the group consisting of ethylenically 
unsaturated carboxylic acids and anhydrides and other 
derivatives thereof; 

(b) 0-15% by weight of a plasticizer for such 
copolymers, and 

(c) 70-93% by weight of an inorganic composition 
consisting essentially of at least two elements, or 

2Q compounds thereof, selected from the group consisting 
of actinium, antimony, barium, bismuth, bromine, 
cadmium, cerium, cesium, gold, iodine, indium, 
iridium, lanthanum, lead, mercury, molybdenum, 
osmium, platinum, pollonium, rhenium, rhodium, 
silver, strontium, tantalum, tellurium, thallium, 
thorium, tin, tungsten, uranium and zirconium, 
each element being in an amount of at least 5% by 
weight of the inorganic composition, said elements 
being selected to have complementary absorption 
characteristics in at least a selected portion of the 
electromagnetic radiation spectrum having energies in 
the range of 10-200 keV; 

said material attenuating electromagnetic radiation 
having energies of greater than 10 keV to an extent 
that is equivalent to a layer of metallic lead having 
a thickness of at least 0.10 mm. 
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In preferred embodiments of the invention, 
the inorganic composition has at least two different 
elements selected such that at least one element is 
selected from the group consisting of: 

(A) actinium, bismuth, gold, lead, mercury, 
pollonium, thallium, thorium and uranium; 

(B) bismuth, gold, lead, mercury and thallium? 

(C) iridium, osmium, platinum, rhenium, tantalum and 
tungsten? and 

(D) bromine, molybdenum, rhodium, strontium and 
zirconium? - 

and at least one element is selected from the group 
consisting of: 

(E) barium, cerium, cesium, iodine and lanthanum? and 
(P) antimony, cadmium, indium, silver, tellurium and 
tin, 

or, the inorganic composition has at least two 
different elements selected such that at least one 
element is selected from group (A) above and at least 
one element is selected from the group consisting of 
(B) , (C) , (E) and (F) above. 

In another embodiment, the material 
comprises at least two layers, one of said layers 
being comprised of a flexible fabric and the other of 
said layers being the layer of the polymer 
composition. 

In a preferred embodiment of the material of 
the present invention, the polymer composition has a 
density in the range of 2.8 to 6.5 g/cm 3 . 

In a further embodiment, the polymer 
composition has a flexural modulus in the range of l 
to 100 MPa. 

The present invention provides a radiation 
protection or attenuation material comprising a layer 
of a polymer composition. In embodiments, the 
material is comprised of at least two layers, one 
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layer of flexible fabric and one layer of the polymer 
composition. Such flexible fabric may be selected 
from a wide variety of materials. In preferred 
embodiments, the flexible fabric is a woven or 
5 knitted nylon (polyamide) material, but other knitted 
or woven materials may be used e.g. polyesters. The 
nature of the flexible fabric material may be varied 
over a wide range, as the primary purpose of the 
fabric is to provide any or all of the following: 
1Q abrasion resistance, tensile strength, tear strength, 
water absorption, flexibility, drape and feel 
properties to the radiation. protection material. The 
fabric may be adhered to the polymer composition or 
loosely attached thereto e.g. by stitching or seam 
15 welding. The fabric may be on one or both sides of 
the layer of the composition; as noted above and in 
embodiments in which the radiation protection 
material is not intended to be part of a person's 
apparel, the fabric iftay be omitted in its entirety. 
20 The layer of the polymer composition is 
comprised of a polymer component and an inorganic 
component. The polymer is selected from copolymers 
of ethylene with at least one of vinyl alkylate, 
alkyl acrylate, alkyl methacrylate, glycidyl 
methacrylate, acrylic acid, methacrylic acid and 
carbon monoxide, and mixtures thereof. The polymer 
may also be an ionomer of such copolymers, especially 
an ionomer in which the metallic ion is sodium, zinc 
or aluminum. In addition, the polymer may be such a 
copolymer that has been grafted with a monomer 
selected from the group consisting of ethylenically 
unsaturated carboxylic acids and anhydrides and other 
derivatives thereof. Examples of such polymers 
include ethylene/vinyl acetate copolymers, 
3 5 ethyl ene/methyl acrylate copolymers, ethyl ene/methyl 
methacrylate copolymers, ethylene/acrylic acid 
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copolymers, ethylene/methacrylic acid copolymers, 
ethylene/alkyl acrylate/glycidyl methacrylate 
copolymers, ethylene/n-butyl acrylate/carbon monoxide 
copolymers, ethylene/vinyl acetate/carbon monoxide 
copolymers and related polymers, and sodium and zinc 
ionomers e.g. of ethyl ene/acrylic acid and 
methacrylic acid copolymers. As used herein, it is 
understood that copolymers may have more than two 
monomers i.e. include polymers sometimes referred to 
as terpolymers. The grafted polymers include such 
copolymers that have been grafted with maleic acid or 
maleic anhydride. In addition, the polymers iTay be 
cross-linked, subsequent to polymerization, with 
ionizing radiation or cross-linking agents in order 
15 to modify the properties of the polymer. Many 

examples of such polymers are available commercially 
e.g. from Du Pont Canada Inc., and/or the techniques 
for the fabrication and/or modification of such 
polymers are known in the art. In embodiments of the 
invention, the thermoplastic polymer of the 
composition may additionally include polyvinyl 
chloride polymers. The properties of the radiation 
protection material may depend on both the type and 
physical parameters of the thermoplastic polymer e.g. 
25 some polymers may tend to interact with the inorganic 
component and result in materials of higher stiffness 
than if other polymers or inorganic components were 
used. In preferred embodiments, the density of the 
polymer is less than 1.1 and preferably less than 1.0 
g/cm 3 . 

The composition may also contain a primary 
or secondary plasticizer or plasticizer extender for 
the copolymer of the composition, as is known in the 
art. Any such plasticizer must be compatible with 
the copolymer, and be of a type and used in an , amount 
that does not result in bleeding or blooming of the 
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plasticizer from the resultant composition. 
Moreover, the plasticizer must be compatible with the 
metallic compounds added as part of the composition. 
In preferred embodiments, the plasticizer also has a 
density of less than 1.1, especially less than 1.0 
g/cra 3 . Examples of such plasticizers include 
aromatic processing oils e.g. Sunthene* 4240 
plasticizer, trioctyl trimellitate, diisononyl 
phthalate and dioctyl phthalate. Other examples 
include other phthalate esters, phosphate esters, 
fatty acid esters, adipates, az elates, oleates, 
sebacates and sulfonamides. 

The composition contains 7-30% by weight of 
the copolymer and 0-15% by weight of plasticizer. In 
preferred embodiments, the composition contains 7-12% 
by weight of copolymer and 5-10% by weight of 
plasticizer. However, the combined amount of 
copolymer and plasticizer is less than 30% by weight 
and particularly less than 60% by volume of the 
composition, and especially less than 20% by weight 
and less than 55% by volume of the composition. 

The composition used to form the layer also 
contains an inorganic component. The inorganic 
component may be in the form of metals per se, or 
alloys or compounds of such metals. The compounds 
may be in the form of oxides, carbonates, sulphates, 
halides especially fluorides and iodides, hydroxides, 
tungstates, carbides, sulphides, uranates and 
tellurides or metallic salts of organic acids e.g. 
acetates, stearates, naphthenates , benzoates, 
formates, propionates, and other organotin and 
organolead compounds. The inorganic component should 
be compatible with the copolymer component of the 

* denotes trade mark 
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composition, although there may be physicl or 
chemical interactions between the components that 
enhance the properties of the resultant composition. 
The metals or metallic compounds are used in a finely 
divided form and are uniformly dispersed throughout 
the thermoplastic polymer. For instance, the 
particle size should be less than 100 mesh (screened 
to an average of less than 150 microns particle size) 
and in particular have an average of about 200 mesh 
(screened to greater than 60 microns) . 

The inorganic component of the polymer 
composition has at least 'two energy absorbing., 
elements, or compounds thereof, that are intended to 
provide protection against radiation of at least two 
different wavelengths, especially in the form of a 
spectrum of radiation. The combination of elements, 
or compounds thereof, forming the inorganic 
composition will especially depend on the particular 
spectrum against which protection is required, and 
particularly the distribution of wavelengths in that 
spectrum. 

As an illustration, if the spectrum is a 
typical spectrum in the range of 10-60 keV, a 
preferred inorganic composition comprises at least 
one element or compound thereof selected from groups 
(A) , (C) and (0) above with the remainder being at 
least one element or compound thereof selected from 
groups (E) or (F) , especially 20-70 parts and in 
particular 30-50 parts from groups (A), (C) and (D) , 
per 100 parts of the inorganic composition, on an 
element basis. Alternatively, if the spectrum is a 
typical spectrum in the range of 20-150 keV, a 
preferred inorganic composition comprises at least 
one element or compound thereof selected from group 
(A) above with the remainder being at least one 
different element or compound thereof selected from 
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groups (B) , (C) , (E) or (F) , especially 50-85 parts 
and in particular 60-80 parts from group (A) , per 100 
parts of the inorganic composition, on ah element 
basis. For spectra containing radiation above 150 
keV, pollonium, actinium, thorium or uranium may be 
combined with another different element from groups 
(A) , (B) or (C) . Similarly, for radiation having 
energies below 40 keV, an element from group (F) may 
be combined with an element from groups (A) , (C) and 
(D). 

In preferred embodiments of the invention, 
the inorganic composition is formed from at least 
three elements, or compounds thereof. For example, 
for a spectrum having radiation predominantly in the 
range of 10-60keV, at least one element may be 
selected from groups (A), (C) and (D) , one element 
from group (E) with the remainder being selected from 
group (F); preferred amounts of the elements are 20-50 
patts per 100 parts of the protective layer, on an 
element basis. Similarly, for radiation 
predominantly in the range of 20-150 keV, at least 
one element may be selected from group (A) , at least 
one different element from groups (B) and (C) , with 
the remainder selected from groups (E) and (F) ? 
preferred amounts are 20-50 parts per 100 parts of 
the inorganic composition, on an element basis. 

By suitable selection of the combinations of 
the elements or compounds, including selection of the 
proportions of the elements, it is possible to 
control not only the amount of radiation that is 
attenuated but also the shape of the spectrum of the 
radiation that is transmitted through the material 
i.e. the shape of the radiation spectrum remaining 
after fractional attenuation and which passes through 
the protective layer. Both the shape of the photon 
spectrum and the so-called energy fluence spectrum 
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i.e. the spectrum formed by taking into account the 
relative energies of the transmitted radiation, are 
important. An illustration of a comparison of the 
attenuation achieved by lead and by a lead/barium 
tungstate (1:2 on a weight basis) composition is 
shown in Figure 1 # which is a computer generated plot 
of an energy fluence spectra. Figure 1 shows the 
spectral curve for the unattenuated or source 
radiation (Curve 1) as well as the spectral curve as 
attenuated by a layer of lead (Curve 2) and by a 
layer of the lead/barium tungstate composition (Curve 
3); Curves 2 and 3 represent 3.2 % transmission of 
energy. It will be noted that although both the lead 
and lead/barium tungstate composition result in a 
substantial amount of attenuation of the radiation, 
the lead/barium tungstate composition exhibits 
substantially higher attenuation of radiation in the 
70-90 keV range; that range is most often encountered 
with respect to protection of operators of x-ray 
equipment. 

It has been found that elements may be 
combined in both type and proportions such that (a) 
the mass of elements or compounds required to absorb 
a predetermined fraction of the radiation from a 
given source may be reduced by up to about 40% by 
weight compared to a single element e.g. lead, or (b) 
for the same mass of elements, or compounds thereof, 
the amount of radiation absorbed is substantially 
higher than for a single element e.g. by up to 150% 
of the so-called "lead equivalency". Such properties 
are particularly important in the field of radiation 
shielding and protective apparel where better 
protection or the same protection at less weight of 
the apparel offers important benefits to the user in 
terms of protection and/or comfort. 

In preferred embodiments of the invention, 
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the elements are antimony, barium, bismuth, bromine, 
cadmium, gold, iodine, lanthanum, lead, mercury, 
molybdenum, rhenium, silver, strontium, tantalum, 
tellurium, tin, tungsten, uranium and zirconium. 

The composition used to form the layer 
comprises 70-93% by weight of the metallic compounds 
and especially 80-90% by weight of metallic 
compounds. 

The polymer composition used to form the 
layer may contain antioxidants, UV and other 
stabilizers and pigments; as will be appreciated by 
those skilled in the art. 

The layer of inorganic material is used in a 
thickness that provides a protection against 
electromagnetic radiation having energies of greater 
than 0.1 keV, that is the equivalent of a layer of 
metallic lead having a thickness of at least 0.10 mm, 
especially at least 0.25 mm and in particular at 
least 0.5 mm. Such equivalency is measured in the 
manner for determination of lead equivalency known in 
the art, using x-rays having a spectrum energy of, 
typically, a maximum of 100 kV, as described in 
Example I. In more general terms, equivalence is 
determined by measuring the broad area transmission 
of radiation of a sample of material for a radiation 
beam of known energy. The transmission is then 
measured in the same manner for a set of samples of 
commercially-pure lead of different known 
thicknesses, and the equivalence for the test sample 
is obtained by interpolation. Such equivalence only 
applies to the energy spectrum used in the test 
measurements. For diagnostic x-ray protection, a 
typical energy spectrum is obtained when a potential 
of lOOkVp (KiloVolts Peak) is applied to an x-ray 
tube. Transmission is defined as the ratio of the 
exposure (coulombs/kg-air) measured in an ionization 
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chamber with material in the beam to the 
corresponding exposure obtained without material in 
the beam. 

The nature of the radiation protection 
material of the present invention is such that the 
material of the present invention will provide 
superior protection or attenuation than lead, per 
unit mass of element, against radiation having 
energies of greater than 0.1 keV e.g. providing 
protection equivalent to 0.5 mm of lead with less 
mass of element or better protection at the same mass 
of element. The improved attenuation applies to a 
specific energy (wavelength) spectrum, and may be 
optimized for each individual energy spectrum. The 
radiation protection material of the invention 
attenuates radiation and provides protection over a 
broader range of energies of the electromagnetic 
spectrum than does metallic lead, lead compounds or 
other single element absorbers. 

In preferred embodiments, the polymer 
composition has a density in the range of 2.8 to 
6.5g/cm 3 , and especially in the range of 3.0 to 5.0 
g/cm 3 . Density of the composition is important in 
that a lightweight material that has effective 
absorbence characteristics to x-rays is a more useful 
and practical material than materials of lower 
density? in particular, it can provide less bulk 
(volume) and consequently thinner materials which 
have more flexibility. Lead sheet is an effective 
radiation protection material with respect to x-rays 
but it lacks the other characteristics needed to make 
it a practical material for use as apparel or in 
packaging. 

In further preferred embodiments, the 
composition has a flexural modulus, at 23 *C in the 
range of 1 to 100 MPa, especially in the range of 5 
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to 15, and in particular in the range 7 to 12, MPa. 
Flexural modulus is measured by the procedure of ASTM 
D-790. The flexural modulus of the composition is 
important in order to provide apparel that is 
practical for wearing or which is capable of being 
used as a shielding material. 

If the radiation protection material is to 
be used as apparel, it requires an acceptable 
strength, flexibility, drape and feel* Such terms 
are understood in the art of fabrics and related 
industries, and relate to the way in which the fabric 
conforms to a human body and to the manner in which 
the material feels when touched or is in contact with 
the skin* 

The compositions of the present invention 
may be obtained by feeding the ingredients to melt 
compounding or similar equipment, the actual 
equipment depending in part on the actual composition 
to be prepared and the melt processing 
characteristics of that composition; pressurized 
equipment is not required. Examples of compounding 
equipment include two-roll mills, Banbury mixers, 
Farrell* continuous mixers, Buss* 

co-kneaders, Gelimat* high intensity mixers and the 
like* Compositions of high content of inorganic 
component and/or containing grafted polymers may be 
more difficult to process so as to obtain uniform 
compositions, and may require the use of high 
intensity mixers or the like. For instance, 
compositions of the invention may be compounded using 
a Banbury twin rotor internal mixer by addition of 
all of the ingredients into the mixer. It may, 
however, be preferable to prepare concentrates of 
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plasticizer arid/or the metallic compounds in polymer, 
and then compound the combinations of the 
concentrates in a high shear mixer; such use of 
concentrates may be less hazardous to operators of 
the equipment. The composition may be formed into 
sheet by extrusion, calendering, compression moulding 
or the like, a preferred method being by 
calendering. The layer(s) of fabric may be adhered 
to the composition simultaneously with the formation 
of the layer of the composition or in a separate step 
e.g. using a lamination technique; lamination may be 
achieved using heat and/ or adhesives or utilizing 
adhesive properties of the polymer used in forming 
the composition. 
15 In the preparation of the materials of the 

invention, the selection of compatible inorganic 
components, polymers and plasticizers, the surface 
characteristics, friability and the particle size 
distribution of the inorganic component, the 
20 densities of all components, the volume ratio of 
polymer to filler and the method of addition and 
mixing of the components of the composition may all 
affect the properties of the layer of material. For 
example, one polymer filled with 50% by volume of an 
25 inorganic composition may be stiff whereas another 

polymer with the same amount of inorganic composition 
may be relatively flexible. Also, if the polymer has 
high wetting properties and affinity for the 
inorganic components, addition of the plasticizer to 
3Q the mixer used in the preparation of the polymer 
composition as the last component may result in 
exclusion of the plasticizer from or incompatibility 
of the plasticizer in the composition. 

In embodiments, the present invention may be 
used in the form of apparel to protect the wearer 
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from radiation, especially . electromagnetic radiation 
and in particular x-ray radiation. The apparel may 
be in the form of full garments or in the form of 
vests or the like to protect portions of the human 
body. The radiation protection material may also be 
used in other end-uses e.g. for attenuation of 
radiation associated with the use of apparatus that 
emits or is sensitive to the presence of radiation. 

The present invention is illustrated by 
thefollowing examples: 

Example I, 

The following compositions were prepared: 

Component Composition* 

A B 

Polymer** 

I 5.70 9.18 

II 2.87 

Plasticizer*** 6.43 5.82 
Filler 

PbO 23.38 23.38 

W0 3 21.25 21.25 

BaF 2 40,38 40.38 

Density (g/cm 3 ) 3.39 3.39 
* amounts are in wt. % 

** Polymer I was an ethylene/vinyl acetate 

copolymer having a vinyl acetate content of 
36% and a melt index of 0.8 dg/min. 
Polymer II was an ethylene/vinyl acetate 
copolymer having a vinyl acetate content of 
33% and a melt index of 25 dg/min , that had 
been melt grafted with about 1.2% by weight 
of maleic anhydride* 

*** The plasticizer was an aromatic processing 

oil, available as Sunthene 4240 processing 
oil from Sunoco Inc. of Toronto, Ontario, 
Canada. 
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Compositions A and B were formed by blending 
the components in a Brabender Plasticorder* twin 
rotor mixer at 170 "C. Sheets of the compounded 
composition were then formed by compression moulding, 
the sheets having a thickness of 1.59 mm. 

Absorbence to x-rays was measured by the 
following procedure: 

Exposure rate was measured using a calibrated 
ionization chamber at a position 100 cm from a 
tungsten target x-ray tube collimated to provide a 
beam measuring 8 cm x 8 cm. The tube was powered by 
a constant-potential x-ray generator providing 100 kV 
at 10 mA with a resultant half-value layer (HVL) of 
5.0 mm aluminum. Variation in output was less than 
0.5%/hour. Samples of the compositions and of lead 
of known thickness were placed in the beam, 15 cm 
above the ionization chamber to determine the 
relative transmissions, and the lead equivalence for 
the composition was obtained by interpolation. 

The materials obtained above had an 
absorbence to x-rays equivalent to 0.58 mm of lead. 
It was found that the weight equivalent required to 
provide the absorption exhibited by 0.5 mm of lead 
was 5.35 kg/m 2 for both materials. This represents 
a weight saving, compared to lead, of 36% but a 
weight saving compared to so-called "lead-vinyl" 
having 80% lead in 20% polyvinyl chloride (w/w) , 
which weighs 7.3 kg/m 2 , of 27%. 

Example II 
The following composition was prepared: 

* denotes trademark 
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Component Composition* 

C 

Polymer** 

I 5.70 

II 2.87 

5 Plasticizer*** 6.43 
Filler 

PbO 46.75 

BaW0 4 38.25 

* amounts are in wt. % 

10 ** Polymer I was an- ethylene/ vinyl acetate 

copolymer having a vinyl acetate content of 
36% and a melt index of 0.8 dg/min. 
Polymer II was an ethyl ene/vinyl acetate 
copolymer having a vinyl acetat J e content of 
33% and a melt index of 25 dg/min, that had 
been melt grafted with about 1.2% by weight 
of maleic anhydride. 
*** The plasticizer was an aromatic processing 

oil, available as Sunthene 4240 processing 
oil from Sunoco Inc. of Toronto, Ontario, 
Canada. 

Composition C was formed by blending the 
components in a Banbury twin rotor high intensity 
mixer by feeding the components of the composition to 

25 the mixer. The composition obtained was formed into 
sheets using a calendering process at a processing 
temperature of about 50-55 *C, the sheet having a 
thickness of 0.81 mm. The sheet was laminated to 
nylon fabric using the adhesive properties of the 

30 polymer mixture at elevated temperature. 

Absorbence to x-rays was measured by the 
procedure of Example I. It was. found that for 
absorption equivalent to 0.5 mm of lead, the 
composition weighed 5.73 kg/m 2 . The elemental 

35 weight saving compared to 0.5 mm of lead was 21% and 
the sample weight saving compared to lead/vinyl was 
also 21%. 



20 



DC-9525 



- 20 - 



2003877 



10 



- 21 - 

Additional tests were carried out using the 
procedure ofExample I for the measurement of 
absorption to x-rays but at 60kVp, 80 kVp, lOOkVp and 
120kVp and the lead equivalence was determined. At 
100 kVp, the sheet tested was equivalent to 0.12 mm 
of lead; the corresponding results at 60kVp, 80 kVp 
and 120 kVp were 0.10 mm, 0.10 mm and 0.12 mm. 

Example 113; 
The following composition, having a density 
of 3.49 g/cm 3 , was prepared: 

Component 1 Composition D* 

Polymer** 

III 10.0 

IV 3.0 o 

15 Plasticizer*** 7.0 
Filler 

Pb metal 20.4 

W0 3 21.6 

BaP 2 38.0 

20 * amounts are in wt. % 

** Polymer III was a blend of stabilized polyvinyl 

chloride with an ethylene/butyl acrylate/carbon 
monoxide copolymer. 

Polymer IV was an ethylene/vinyl acetate/carbon 
25 monoxide copolymer having a melt index of about 35 

dg/min. 

*** The plasticizer was trioctyl trimellitate. 

The composition was formed by blending the 
30 components in a Brabender Plasticorder twin rotor mixer at 
170 °C. A sheet having a thickness of 1.59 mm was then 
formed by compression moulding the composition. The 
resultant sheet had an absorbence to x-rays equivalent to 
0.5. mm of lead, as determined by the procedure of Example - 
35 I, and showed a decrease in flexibility on aging. 
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tjxample IV 

The following composition was prepared, the 
amounts being on a weight basis: 
Lead oxide (PbO) 48.2% 
Barium tungstate 39.4% 
Copolymer 9.3% 
Plasticizer 3.1% 

The copolymer was a blend of Polymers I and 
II of Example I, in the same ratio, and the 
plasticizer was Sunthene 4240 aromatic processing 
oil. The composition had a density of 3.85 g/cm 3 . 

Films of the composition were subjected to 
x-rays and the absorption characteristics of the 
composition were determined using the procedure of 
Example I. It was found that the weight equivalent 
required to provide the absorption exhibited by 0.5 
mm of lead was 5.54 kg/m 2 . This represents a 
weight saving, compared to lead, of 2% but a weight 
saving compared to so-called "lead-vinyl" of 24%. 

EX^Ple V 

The following compositions were prepared, 
and tested for absorbence of x-rays using the 
procedure of Example I: 
Run No. 

25 PbO (wt.%) 

SnO (wt.%) 

BaS0 4 (wt.%) 

Carrier* (wt.%) 

Elements in Inorganic 

Component (wt.%) 

Composition Density 

Lead Equivalence (mm) 
30 Weight Saving** 

* ethylene/ vinyl acetate copolymer, 

unplasticized 
** reduction in weight of sample, elemental 

basis, compared to lead to give same 

35 

absorption as 0.5 mm of lead at 100 kVp, 
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27 


40 


48 


26.5 


20 
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26.5 
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20 


20 
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83 


85 


3.0 


3.1 


3.2 


0.38 


0.40 


0.41 
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Example VI 

A composition of PbO (29.75% by weight) and 
barium oxide (55.25% by weight) in an ethylene/vinyl 
acetate copolymer (15% by weight) was prepared using 
the procedure of Example III. X-ray absorption was 
measured, for 100 kVp, using the procedure of Example 
I. 

It was found that for absorption equivalent 
to 0.5 mm of lead, the composition weighed 5.9 
kg/m 2 , or 4.54 kg/m 2 based on the amount of 
absorbing elements only. 

... Example VJJ 

A composition of PbO (22% by weight) , 
tungsten trioxide powder (20% by weight) and barium 
fluoride (38% by weight) in an ethylene/vinyl acetate 
copolymer (17% by weight) containing 3% by weight of 
dioctyl phthalate was prepared using the procedure of 
Example III. The composition obtained had a density 
of 3.36 g/cm 3 . The composition contained 80% by 
weight of inorganic component and had a f lexural 
modulus of 27.6 MPa. 

It was found that for absorption equivalent 
to 0.5 mm of lead, the composition weighed 5,83 
kg/m 2 , or 3.85 kg/m 2 based on the amount of 
absorbing elements only. The elemental weight saving 
compared to 0.5 mm of lead was 32% and the sample 
weight saving compared to lead/vinyl was 20%. 

Example VJT,!, 

A composition was prepared of lead tungstate 
(46.75% by weight) and barium fluoride (38.25% by 
weight) in an unplasticized ethylene/vinyl acetate 
copolymer (15% by weight). The composition was made 
by the method of Example III. The x-ray absorption 
was measured using the procedure of Example I. 
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It was found that for absorption equivalent 
to 0.5 nun of lead, the composition weighed 5*9 
kg/m 2 , or 4.31 kg/m 2 based on the amount of 
absorbing elements only. The elemental weight saving 
compared to 0.5 mm of lead was 24% and the sample 
weight saving compared to lead/vinyl was 19%. 

This Example illustrates a composition that 
does not contain a plasticizer. 

Example IX 

A composition of metallic lead (21.675% by 
weight) , tungsten trioxide (22.95% by weight) and 
barium fluoride (40.375% by weight) was prepared in 
Polymer III of Example III (7.50% by weight) and 
Polymer IV of Example III (3.75% by weight). The 
composition also contained 3.75% by weight of 
trioctyl trimellitate. The polymer composition 
obtained had 85% by weight of inorganic component and 
a density of 3.70 g/cm 3 . X-ray absorption was 
measured using the procedure of Example I. 

It was found that for absorption equivalent 
to 0.5 mm of lead, the composition weighed 5.38 
kg/m 2 , or 3.91 kg/m 2 based on the amount of 
absorbing elements only. The elemental weight saving 
compared to 0.5 mm of lead was 31% and the sample 
weight saving compared to lead/vinyl was 26%. 

Example X 

A composition of barium tungstate (84% by 
weight) was prepared in a blend of ethylene/vinyl 
acetate copolymers (9.5% by weight) and Sunthene 4240 
processing oil as plasticizer (6.5% by weight) using 
the procedure of Example III. The polymer 
composition obtained had a density of 3.0 g/cm 3 . 
X-ray absorption was measured using the procedure of 
Example I. 
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It was found that for absorption equivalent 
to 0.5 roro of lead, the sample weighed 5.51 kg/m 2 . 
The elemental weight saving compared to 0.5 mm of 
lead was 29% and the sample weight saving compared to • 
lead/vinyl was 24%. 

The sample of the polymer composition was in 
the form of sheet having a weight of 4.47 kg/m 2 . 
The X-ray absorption was also measured using the 
procedure of Example I but at 60kVp, 80 kVp, lOOkVp 
and 120kVp and the lead equivalence was determined. 
At 100 kVp,. the sheet was equivalent to 0.39 mm of 
lead; the corresponding results at 60kVp, 80 kVp and 
120 kVp were 0.27 nun, 0.31 mm and 0.35 mm. 

Example XI 

A composition of metallic lead (32.2% by 
weight), metallic tin (27.6% by weight) and metallic 
tungsten (32.3% by weight) was prepared in an 
ethyl ene/vinyl acetate copolymer (7.9% by weight) 
using the method of Example III; thus, the 
composition contained 92.1% by weight of inorganic 
components. The polymer composition obtained had a 
density of 6.03 g/cm 3 . 

Computer analysis indicated that the sample 
would provide an elemental weight saving compared to 
lead of 26% and a sample weight saving compared to 
lead/vinyl of 38%. 

Example XII 
A composition of lead powder (9.0% by 
weight), a powdered lead/tin (50:50) alloy (35.8% by 
weight) and barium tungstate (44.6% by weight) in a 
blend of ethylene/vinyl acetate copolymers (6.3% by 
weight) and Sunthene 4240 aromatic processing oil 
(4.3% by weight) was prepared using the method of 
Example III; thus, the composition contained 89.4% by 
weight of inorganic component. The polymer 
composition obtained had a density of 4.02 g/cm 3 . 
X-ray absorption was measured using the procedure of 
Example I. 
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It was found that for absorption equivalent 
to 0.5 mm of lead, the sample weighed 4.6 kg/m 2 . 
The elemental weight saving compared to 0.5 mm of 
lead was 29% by weight and the sample weight saving 
compared to lead/vinyl was 37% by weight. 

Example XIII 

A composition of metallic lead powder (33.5% 
by weight) and barium tungstate (51.1% by weight) was 
prepared in a blend of ethylene/vinyl acetate 
copolymers (8.8% by weight) and Sunthene 4240 
processing oil as plasticizer (6.6% by weight) using 
the procedure of Example II. The polymer composition 
obtained had a density of 3.40 g/cm 3 , and had an 
inorganic component content of 84.6% (w/w) and 45% 
(v/v) . X-ray absorption was measured using the 
procedure of Example I. 

It was found that for absorption equivalent 
to 0.5 mm of lead, the sample weighed 5.82 kg/m 2 . 
The elemental weight saving compared to 0.5 mm of 
lead was 23% and the sample weight saving compared to 
lead/vinyl was 20%. 

The sample of the polymer composition was in 
the form of sheet having a weight of 5.56 kg/m 2 . 
The X-ray absorption was also measured using the 
procedure of Example I but at 60kVp, 80 kVp, lOOkVp 
and 120kVp and the lead equivalence was determined. 
At 100 kVp, the sheet was equivalent to 0.48 ram of 
lead; the corresponding results at 60kVp, 80 kVp and 
120 kVp were 0.39 mm, 0.44 mm and 0.45 mm. 
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claims; 



35 



1. An energy attenuation material 
comprised of a layer of a polymer composition 
consisting essentially of: 

(a) 7-30% by weight of a thermoplastic polymer 
selected from copolymers of ethylene with at least 
one of vinyl alkylate, alkyl acrylate, alkyl 
methacrylate, glycidyl methacrylate, acrylic acid, 
methacrylic acid and carbon monoxide, and mixtures 
thereof, ionomers of such copolymers, and such 
copolymers that have been grafted with a monomer 
selected from the group consisting of ethylenically 
unsaturated carboxylic acids and anhydrides^ and other 
derivatives thereof; 

(b) 0-15% by weight of a plasticizer for such 
copolymers, and 

(c) 70-93% by weight of an inorganic composition 
consisting essentially of at least two elements, or 
compounds thereof, selected from the group consisting 
of actinium, antimony, barium, bismuth, bromine, 
cadmium, cerium, cesium, gold, iodine, indium, 
iridium, lanthanum, lead, mercury, molybdenum, 
osmium, platinum, polloniura, rhenium, rhodium, 
silver, strontium, tantalum, tellurium, thallium, 
thorium, tin, tungsten, uranium and zirconium, 

each element being in an amount of at least 5% by 
weight of the composition, said elements being 
selected to have complementary absorption 
characteristics in at least a selected portion of the 
electromagnetic radiation spectrum having energies in 
the range of 10-200 keV; 

said material attenuating electromagnetic radiation 
having energies of greater than 10 keV to an extent 
that is equivalent to a layer of metallic lead having 
a thickness of at least 0.10 mm. 
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2. The material of Claim 1 in which the 
inorganic composition has at least two different 
elements selected such that at least one element is 
selected from the group consisting of: 

(A) actinium, bismuth, gold, lead, mercury, 
pollonium, thallium, thorium and uranium; 

(B) bismuth, gold, lead, mercury and thallium; 

(C) iridium, osmium, platinum, rhenium, tantalum and 
tungsten; and 

(D) bromine, molybdenum, rhodium, strontium and 
zirconium; 

and at least one element is selected from the group 
consisting of: 

(E) barium, cerium, cesium, iodine and lanthanum; and 

(F) antimony, cadmium, indium, silver, tellurium and 
tin.. 

3. The material of Claim 2 in which the 
inorganic composition has at least two different 
elements selected such that at least one element is* 
selected from group (A) and at least one element is 
selected from the group consisting of (B) , (C) , (E) 
and (P) . 

4. The material of Claim 2 in which there 
are 20-70 parts of the element (s) from the group of 
(A), (B), (C) and (D), per 100 parts by weight of 
said at least two different elements. 



5. The material of Claim 4 in which there 
are 30-50 parts of the element (s) from the group of 
(A), (B), (C) and (D). 

6. The material of Claim 1 in which there 
are at least three elements, at least one from the 3 
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group of (A), (C) and (D) , at least one from group 

(E) and at least one from group (F) , wherein: 

group (A) is actinium, bismuth, gold, lead, mercury, 

pollonium, thallium, thorium and uranium; 

group (C) is iridium, osmium, platinum, rhenium, 

tantalum and tungsten; and 

group (D) is bromine, molybdenum, rhodium, strontium 
and zirconium; 

group (E) is barium, cerium, cesium, iodine and 
lanthanum; and 

group (F) is antimony, cadmium, indium, silver, 
tellurium and tin. 

7. The material of Claim 6 in which each 
element is present in 20-50 parts by weight, per 100 
parts by weight of said at least three elements. 

8. The material of Claim 1 in which the 
protective layer has at least two" different elements 
selected such that at least one element is selected 
from group (A) and at least one element is selected 
from the group consisting of (B) , (C) , (E) and (F), 
wherein: 

group (A) is actinium, bismuth, gold, lead, mercury, 
pollonium, thallium, thorium and uranium; 
group (B) is bismuth, gold, lead, mercury and 
thallium; 

group (E) is barium, cerium, cesium, iodine and 
lanthanum; and 

group (F) is antimony, cadmium, indium, silver, 
tellurium and tin. 

9. The material of Claim 8 in which there 
are 50-85 parts of the element from group (A) , per 
100 parts by weight of said at least two elements. 
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10. The material of Claim 9 in which there 
are 60-80 parts of the element from group (A) . 

11. The material of Claim 1 in which there 
are at least three elements, at least one from group 
(A) , at least one from the group of (B) and (C) and 
at least one from the group of (E) and (F) , wherein: 
group (A) is actinium, bismuth, gold, lead, mercury, 
pollonium, thallium, thorium and uranium; 

group (B) is bismuth, gold, lead, mercury and 
thallium; 

group (C) is iridium, osmium, platinum, rhenium, 
tantalum and tungsten; 

group (E) is barium, cerium, cesium, iodine and 
lanthanum; and 

group (F) is antimony, cadmium, indium, silver, 
tellurium and tin. 



12*. The material of Claim 11 in which there 
are 20-50 parts of each element, per 100 parts by 
weight of said at least three elements. 

13. The material of Claim 1 in which one 
element is selected from the group consisting of 
pollonium, actinium, thorium and uranium and a 
different element is selected from the group of (A) , 
(B) and (C) , wherein: 

group (A) is actinium, bismuth, gold, lead, mercury, 
pollonium, thallium, thorium and uranium; 
group (B) is bismuth, gold, lead, mercury and 
thallium; and 

group (C) is iridium, osmium, platinum, rhenium, 
tantalum and tungsten. 

14. The material of Claim 1 in which one 
element is selected from group (F) and at least one 
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element is selected from the group of (A) , (C) and 
(D), wherein: 

group (A) is actinium, bismuth, gold, lead, mercury, 
pollonium, thallium, thorium and uranium; 
group (C) is iridium, osmium, platinum, rhenium, 
tantalum and tungsten; 

group (D) is bromine, molybdenum, rhodium, strontium 
and zirconium; and 

group (F) is antimony, cadmium, indium, silver, 
tellurium and tin. 

15 . The material of any one of Claims 1-14 
in which the elements are selected from antimony, 
barium, bismuth, bromine, cadmium, gold, iodine, 
lanthanum, lead, mercury, molybdenum, rhenium, 
silver, strontium, tantalum, tellurium, tin, 
tungsten, uranium and zirconium. 

16. The material of any one of Claims 1-15 
in which the material comprises at least two layers, 
one of said layers being comprised of a flexible 
fabric and the other of said layers being the layer 
of the composition. 

17. The material of any one of Claims 1-16 
in which the polymer composition has a density in the 
range of 2.8 to 6.5 g/cm 3 . 

18. The material of Claim 17 in which the 
polymer composition has a density in the range of 3.0 
to 5.0 g/cm 3 . 

19. The material of any one of Claims 1-18 
in which the polymer composition has a flexural 
modulus in the range of 1 to 100 MPa. 
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20. The material of Claim 19 in which the 
polymer composition has a flexural modulus in the 
range of 5 to 15 MPa. 

21. The material of Claim 19 in which the 
polymer composition has a flexural modulus in the 
range of 7 to 12 MPa. 

22. The material of any one of Claims 1-21 
in which, in the polymer composition, there is 7-12% 
by weight of copolymer and 5-10% by weight of 
plasticizer. 

23. The material of any one of Claims 1-22 
in which the copolymer and plasticizer are less than 
60% by volume of the polymer composition. 

24. The material of Claim 23 in which the 
copolymer and plasticizer are less than 50% by volume 
of the polymer composition. 

25. The material of any one of Claims 1-24 
in the form of apparel. 
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